Drug detection dogs can be trained to locate various prohibited drugs with targeted odors, and they play an important role in the interdiction of drug smuggling in human society. Recent studies provide the interesting hypothesis that the oxytocin system serves as a biological basis for co-evolution between dogs and humans. Here, we offer the new possibility that genetic variation of the canine oxytocin receptor (OXTR) gene may regulate the success of a dog's training to become a drug detection dog. A total of 340 Labrador Retriever dogs that were trained to be drug detection dogs in Japan were analyzed. We genotyped an exonic SNP (rs8679682) in the OXTR gene and compared the training success rate of dogs with different genotypes. We also asked dog trainers in the training facility to evaluate subjective personality assessment scores for each dog and examined how each dog's training success was related to those scores. A significant effect of the OXTR genotype on the success of the dogs' training was found, with a higher proportion of dogs carrying the C allele (T/C and C/C genotypes) being successful candidates than dogs carrying the T/T genotype. Dog personality scores of Training Focus (Factor 1) were positively correlated with an increased likelihood that a dog would successfully complete training. Although the molecular mechanism of the OXTR gene and its functional pathway related to dog behavior remains unknown, our findings suggest that canine OXTR gene variants may regulate individual differences between dogs in their responsiveness to training for drug detection.
explosives, missing humans, animals, and even human diseases. Dogs can be trained to detect various types of odors by taking advantage of a dog's good sense of smell as well as its remarkable social ability in communication with human partners (Topál et al. 1997; Hare et al. 2002; Gazit et al. 2005; Rooney et al. 2007 ). In particular, the efforts of drug detection dogs make a significant contribution to the interdiction of smuggling of prohibited drugs across borders worldwide. Customs services and police forces continue to be committed to the training and education of detection dogs. However, dog training requires a substantial investment of both time and cost, and consequently the rate of successful training of drug detection dogs only reaches 30% to 50% (Weiss and Greenberg 1997; Maejima et al. 2007) . Although significant attention has recently been paid to the importance of a scientific approach to working dog production (Sinn et al., 2010; Cobb et al. 2015) , dog training programs that can affect the quality of working dogs remain to be investigated.
In this study, we hypothesize that dogs' individual differences in responsiveness to training of detection dogs may be regulated by the genetic variation of oxytocin receptor gene (OXTR), which has never been examined in previous studies. Dogs are currently thought to be one of the best model species for understanding the genetic contribution to animal behavior (Hall and Wynne 2012) , and it may be possible to predict the future success of training of working dog candidates by using behavioral and genetic markers. Molecular analyses of purebred dogs have revealed that a small number of genes including dopaminergic (e.g., DRD1, DRD4, TH), serotoninergic (e.g., HTR1D, HTR2C, SLC6A1), glutamatergic (e.g., SLC1A2), and androgenic (e.g., AR) genes have an association with a particular personality trait (i.e., consistent pattern of individual difference in behavior) in dogs (Hejjas et al. 2009 (Hejjas et al. , 2007 Takeuchi et al. 2009; Våge et al. 2010; Konno et al. 2011; Hall and Wynne 2012; Wan et al. 2013) . However, only a few studies have paid attention to the population of detection dogs, and thus the genetic impact on a dog's performance in odor detection remains unclear.
To date, the study of drug detection dogs has shown that there is no direct association between genetic polymorphism of several candidate genes (e.g., DRD4, 5HTT) and training outcome for detection dogs, although a weak relationship was found between serotonin transporter (5HTT) haplotypes and a dog's distractibility scores obtained from trainer assessment (Maejima et al. 2007 ). Other studies of various specialist search dogs have focused on genetic variants of canine olfactory receptor genes, and found that particular alleles of some olfactory receptor genes (e.g., cOR52N9, cOR9S13, OR10H1) are significantly associated with a dog's odor detection skills (Lesniak et al. 2008; Yang et al. 2016 ). These results suggest that a dog's behavioral traits related to odor recognition are genetically influenced by multiple genetic regions and that the effect of a single gene variant may be weak. To extend our knowledge on the efficacy of working dog training, the accumulation of empirical findings covering a wide range of genes involved in canine behavior is still necessary.
Here, we address a new question as to whether or not the canine OXTR gene is associated with the successful training of drug detection dogs. Oxytocin is a hypothalamic neuropeptide hormone that is released in contraction of the uterus during labor as well as in ejection of milk during lactation. Oxytocin and its receptor have been highly conserved during the evolutionary process of mammalian species and have been shown to play a key role in mediating pair bonding between parent and offspring as well as between sexual partners in monogamous species (Young and Wang 2004; Ross and Young 2009 ). Important functions of oxytocin in social behavior have become known through studies of rodents, which suggest that oxytocin modulates conspecifics recognition, partner preference, social organization, maternal nursing behavior, and alloparental care in voles and mice (Insel and Shapiro 1992; Winslow and Insel 2002; Insel and Hulihan 1995; Olazábal and Young 2006) . Human studies have also demonstrated a parallel function of the oxytocin system; human social cognition such as eye-contact, recognition of another's emotion, and interpersonal trust is significantly associated with oxytocin activation (Kosfeld et al. 2005; Domes et al. 2007; Guastella et al. 2008; Savaskan et al. 2008; Rimmele et al. 2009 ). It is noteworthy that the oxytocin system functions in a biological bonding not only in within-species but also in between-species relationships. Recent studies of dog-human pairs have shown that a human's oxytocin concentration is correlated with a dog-owner's affiliative interactions initiated by the dog's gaze and that the nasal administration of oxytocin increases a dog's gaze to humans, which in turn increases the owner's oxytocin concentration (Romero et al. 2014; Nagasawa et al. 2015 Nagasawa et al. , 2009 ).
In addition to such a hormonal effect of oxytocin, genetic variation of the oxytocin receptor also regulates social behavior in animals. Genetic polymorphisms of the human OXTR have been linked to social behaviors and psychological resources, including social buffering (Chen et al. 2011; Saphire-bernstein et al. 2011) , empathy (Rodrigues et al. 2009 ), prosocial temperament (Tost et al. 2010) , pair bonding (Walum et al. 2012) , maternal sensitivity (BakermansKranenburg and van Ijzendoorn 2008), and attachment style (Gillath et al. 2008; Chen et al. 2011) . In domestic dogs, the canine OXTR, which is located on chromosome 20, codes for the oxytocin receptor, and this receptor exerts various social effects throughout the brain and body. The study of Kis et al. (2014) was the first to test OXTR gene variants and their relevance for the social behavior of a dog towards humans. That study indicates that SNPs in the 3' and 5' UTR regions of the OXTR gene in both German Shepherds and Border Collies have a significant impact on the dogs' behavioral phenotypes such as proximity seeking towards humans as well as friendliness towards a stranger (Kis et al. 2014) .
The findings noted above provide further support for the hypothesis of our study that the canine OXTR might be associated with the successful training of a drug detection dog, which is a typical case of collaborative work between dogs and humans. Detection dogs are usually trained by positive reinforcement with the use of social rewards (i.e., affiliative social behaviors) given by human training staff. Specifically, the dogs "play" tug-of-war with their trainers and "learn" appropriate behaviors to locate target objects. Also, when the dogs locates the target scent, they are required to show a "passive response," i.e., sitting down and looking at the target (Rooney et al. 2007 ). Thus, the training of detection dogs needs dog's social cognitive ability that manifested in a context of human-dog interaction. Actually, previous studies of working dogs have pointed out that differences in dog's performance are mainly due to their behavioral or personality differences rather than sensory or morphological differences (Slabbert and Odendaal 1999; Svartberg 2002; Maejima et al. 2007; Rooney et al. 2007; Sinn et al. 2010; Gadbois and Reeve 2014) . It is likely that a dog's social ability to interact with humans during training is more important than a dog's sensory acuity of odor detection. Hence, we hypothesize that OXTR polymorphisms are associated with a proper dog-human relationship that can lead to successful training for drug detection.
The aim of our study was to explore a possible association between canine OXTR gene variants and the success of a dog's training for drug detection. We genotyped an exonic SNP (rs8679682) in the OXTR of candidate drug detection Labrador Retriever dogs, and compared the dog's training success rate of dogs with different genotypes. Additionally, we examined how a dog's training success was affected by the dog's personality assessment scores as answered by their trainers in the training facility.
Materials and Methods

Ethical Statement
This study was approved by the ethical committee at the Wildlife Research Center, Kyoto University (WRC2010EC001). The present study was conducted in strict accordance with the "Guidelines for the Treatment of Animals in Behavioural Research and Teaching" by the Animal Behavior Society and Association for the Study of Animal Behaviour.
Subjects
All subjects were purebred Labrador Retrievers. They were provided by dog breeders to the Canine Training Center, Tokyo Customs, between 2002 and 2015, as candidate drug detection dogs at the age of about 1-year old. Litter siblings and parent-offspring pairs were excluded from the subjects to remove genetically closely related dogs. A total of 340 intact dogs consisting of 140 females and 200 males were included in the analysis. We had no precise pedigree data available for confidentiality reasons. Instead, the training facility informed us of 2 major breeders (i.e., Breeder A and B) providing more than 20 dogs in our dataset, which was used to test whether or not genotype frequencies were biased by breeders (i.e., indirect index of pedigree).
Training and Dog Personality Assessment
Behavioral training of each dog was carried out by staff members in the Canine Training Center for about 4 months, and was divided into 3 phases (i.e., familiarization, basic training, and advanced training). The first month was the familiarization phase during which the dogs became accustomed to their working environment. Training staff played tug-of-war with the dogs using a rolled towel (i.e., dummy) so that dogs were motivated to detect an object with a target scent. After the first two weeks of this phase, we asked the training staff to assess each dog's personality (i.e., consistent pattern of individual differences in behavior) regarding its suitability for the work of drug detection. Seven personality items were assessed as follows: activity (i.e., amount of activity typically observed); boldness (i.e., low fearfulness displayed toward unfamiliar environments); concentration (i.e., attention span during training); friendliness to humans (i.e., willingness to interact with humans); independence (i.e., selfconfidence, willingness to work without having to rely on humans); interest in target (i.e., degree of interest in the dummy); and tolerance to dogs (i.e., low aggressiveness towards other dogs). These seven personality items were chosen because the trainers evaluated these traits as the criterion of "ideal" drug detection dogs (Maejima et al. 2007 ). More than one of the staff involved in the familiarization phase discussed their subjective impression of the dog and indicated the extent to which a personality items was applicable to the subject, using a 5-point scale (1 to 5) with a score of 5 indicating "very high."
The second to fourth months consisted of a basic and an advanced training phase, each lasting for about 1 and a half months. The scent of prohibited drugs was added to a dummy that was used to motivate dogs to detect an object with the target scent. Dogs were trained to detect drugs that have a strong scent (e.g., marijuana, hashish) during the basic training phase, and those that have a relatively weak scent (e.g., heroin, amphetamine) during the advanced training phase. At each phase of training, the training staff determined whether the candidate dogs succeeded or failed the training phase. Only dogs that passed the final evaluation and on-site trials were finally qualified as drug detection dogs. The detailed schedule of training was also described in a previous study (Maejima et al. 2007 ).
Genotyping
Genomic DNA was extracted from the blood samples of all dogs using a DNeasy Blood and Tissue kit (Qiagen, CA, USA). The sequence of the dog OXTR gene (accession numbers: ENSCAFG00000005553) was obtained from the Ensembl database (http://www.ensembl.org/). The OXTR gene is located on chromosome 20, has 3 exons, and the transcript of the OXTR sequence is associated with 5 variants (rs22927823, rs22927826, rs22927829, rs8679682, rs22896457) in the coding region (OXTR-202, ENSCAFT00000008950). Since our previous analysis indicated that 4 out of these 5 SNPs were less polymorphic in Labrador Retrievers (Tonoike et al. 2015) , only the rs8679682 SNP in exon 3 was subsequently genotyped in 340 candidate drug detection dogs. The rs8679682 SNP had 2 different alleles (T or C), and both of the resulting codons (GTT, GTC) encoded valines (i.e., synonymous variant). TaKaRa LA Taq with GC buffers (TaKaRa, Shiga, Japan) was used for PCR amplification in a total volume of 10 μL of reaction mixture containing template DNA, each primer, LA Taq, dNTPs, and GC buffer I. PCR primers were designed for both forward (5'-ACCCCTACCCTCCCTTCAG-3') and reverse (5'-AAGCCCTTGGAGGCAGTC-3') sequences. DNA samples were denatured at 94 °C for 1 min, and then PCR amplified using the following conditions: 35 cycles of 94 °C for 30 s, 65 °C for 30 s, and 74 °C for 1 min, and a final extension at 74 °C for 10 min. The obtained PCR products were sequenced in both forward and reverse directions using the Applied Biosystems 3130xl Genetic Analyzer (Applied Biosystems, CA, USA).
Analysis
Dogs that finally qualified as drug detection dogs were categorized as "qualified" and the rest of the dogs that could not succeed at any phase of training were categorized as "unqualified." To estimate the structure of a dog's personality trait, the 7 personality items assessed by training staff were summarized using a factor analysis based on the maximum likelihood method with promax rotation. We used parallel analysis in order to determine the number of factors extracted, and also calculated factor scores for each dog.
For genetic analysis, the distribution of allele frequencies and Hardy-Weinberg equilibrium in the total subjects was assessed by using chi-square tests. We performed an additional analysis on genotype frequencies (i.e., no. of dogs that carry the T/T, T/C, and C/C) by breeders (i.e., Breeder A, B) using a chi-square test.
To examine the effect of genotype and personality on the successful training of drug detection dogs, we used generalized linear models (GLM). The explanatory variables were the OXTR genotype (i.e., T/T, T/C, and C/C), the dog's sex (i.e., female, and male), and the dog's personality traits based on the initial assessment by training staff (i.e., Factor 1 score (Training Focus), Factor 2 score (Tolerance), and see Results), whereas the response variable was the result of training (i.e., qualified, and unqualified). The association of each of the 7-items personality scores with the result of training was also tested using a GLM. According to the distribution of the response variable, we applied the binomial error structure with log link function. "T/T genotype" and "female" were entered as reference categories when constructing the parameter estimates (ß) using GLM. To test the fixed effect of each explanatory variable, the likelihood ratio test with chi-square statistics was carried out (type III test). We also tested the association between the OXTR genotype and a dog's personality traits using GLMs with the Gaussian (normal) error structure. Additionally, a mediation analysis was performed to test the possibility that a dog's personality trait (i.e., Factor 1 score of Training Focus) mediates the effect of the OXTR genotype on the dog's result of training. Analyses were run on R version 2.15.2. (R foundation for Statistical Computing).
Results
Training and Dog Personality Assessment
Of 340 dog candidates, 103 dogs (30.3%) successfully qualified as drug detection dogs (i.e., qualified), whereas the remaining 237 dogs (69.7%) were not able to complete the training and did not qualify as detection dogs (i.e., unqualified).
The parallel analysis of the 7 personality items indicated a 2-factor solution, which was consistent with visual inspection of the scree plot. The factor analysis extracted two independent factors (Factor 1 and Factor 2) that accounted for 43.85% of the total variance (Table 1) . Higher Factor 1 loadings included concentration, interest in target, activity, and boldness, whereas higher Factor 2 loadings included friendliness to humans and tolerance to dogs. Hence, we labeled Factor 1 and Factor 2 as "Training Focus" and "Tolerance," respectively.
Genotyping
Allele and genotype frequency of the rs8679682 SNP in the subject dogs is shown in Table 2 . The observed allele frequencies did not differ significantly from the Hardy-Weinberg equilibrium (χ 2 = 0.00, P = 1.000). The subjects consisted of 156 dogs with the T/T genotype, 148 dogs with the T/C genotype, and 36 dogs with the C/C genotype. Genotype frequency did not differ according to 2 major breeders (Breeder A [N = 36]: 9 T/T, 24 T/C, and 3 C/C dogs; Breeder B [N = 21]: 6 T/T, 13 T/C, and 2 C/C dogs; χ 2 = 0.13, P = 0.936), suggesting that the OXTR genotype frequencies were not biased by breeders (i.e., indirect index of pedigree) in our dataset.
Effect of Genotype and Personality on Successful Training
The GLM result showing the effect of a dog's genotype and personality on a candidate's successful training is provided in Table 3 . We found a significant effect of the OXTR genotype on the result of dog's training for drug detection (ß = 0.62 (vs. T/C); ß = 1.06 (vs. C/C), P = 0.039) with a higher proportion of dogs carrying the C allele (i.e., T/C and C/C genotypes) being successful candidates than dogs carrying the T/T genotype (Figure 1 ; chi-square test, χ 2 (2) = 4.84, P = 0.047; Odds ratio [T/T vs. T/C and T/C] = 1.80, 95% CI = 1.12-2.90; Odds ratio (T/T vs. T/C) = 1.74, 95% CI = 1.06-2.87; Odds ratio (T/T vs. C/C) = 2.05, 95% CI = 0.95-4.40). In terms of a dog's personality traits, the Factor 1 score (Training Focus) was also significantly associated with a dog's successful training (ß = 1.92, P < 0.001); the dogs that qualified as drug detection dogs had higher Factor 1 scores (i.e., highly focused on working) than unqualified dogs (F (1,  338) = 138.51, P < 0.001). Four out of seven personality items significantly associated with a dog's successful training; the qualified dogs had higher scores of activity (ß = 0.70, P = 0.002), boldness (ß = 0.41, P = 0.022), concentration (ß = 0.70, P = 0.005), and interest in target (ß = 0.47, P = 0.028), respectively. Neither a dog's sex (ß = 0.54, P = 0.074) nor the Factor 2 score (Tolerance) (ß = 0.00, P = 0.984) had a significant effect on a dog's successful training.
Additional GLMs revealed that OXTR genotype was not significantly associated with either Factor 1 scores (ß = 0.06 (vs. T/C); ß = -0.02 (vs. C/C), Deviance = 0.43, df = 2, P = 0.808) or Factor 2 scores (ß = 0.01 (vs. T/C); ß = 0.05 (vs. C/C), Deviance = 0.14, df = 2, P = 0.934). Also, dog's sex did not have a significant effect on either Factor 1 scores (ß = 0.08, Deviance = 0.57, df = 1, P = 0.450) or Factor 2 scores (ß = -0.09, Deviance = 1.52, df = 1, P = 0.218).
A mediation analysis indicated that both OXTR genotype (ß = 0.25, standard error (SE) = 0.09, Z = 2.69, 95% CI = 0.07-0.42, P = 0.007) and Factor 1 scores (ß = 0.77, SE = 0.05, Z = 16.13, P = 0.000, 95% CI = 0.68-0.86) were significant predictors of dog's successful training independently, and that OXTR genotype was not significantly associated with Factor 1 score (ß = 0.01, SE = 0.08, Z = 0.16, P = 0.877, 95% CI = -0.14 to 0.17). The indirect effect of Factor 1 score was not significant (ß = 0.01, SE = 0.06, Z = 0.16, P = 0.877, 95% CI = -0.11 to 0.13), which suggested that the relationship between OXTR genotype and dog's training success was not mediated by Factor 1 scores. Factor loadings greater than 0.3 are shown in boldface type. Significant results (P < 0.05) are shown in bold.
Discussion
The present study explored possible genetic and behavioral factors affecting a dog's successful training for scent detection. We found that the rs8679682 SNP in exon 3 of the OXTR gene significantly affected the likelihood of a dog qualifying as a drug detection dog. Specifically, dogs carrying the T/C or C/C genotypes had a higher training success rate than dogs carrying the T/T genotype. Thus, the C allele, which is an uncommon genetic variant of the OXTR gene in Labrador Retrievers, may have an important role in regulating a dog's behavior in the process of training for scent detection. The oxytocin system has been shown to play an important role in social bonding and affiliation in mammalian species (Insel and Shapiro 1992; Insel and Hulihan 1995; Winslow and Insel 2002; Olazábal and Young 2006) . Recent studies have revealed that oxytocin increases human-directed gazing behavior in dogs, which, in turn, facilitates affiliative behaviors of human-dog pairs (Romero et al. 2014; Nagasawa et al. 2015 Nagasawa et al. , 2009 ). Thus, this sort of oxytocingaze positive loop could affect a dog's performance in drug detection, since dog-human communication via eye-contact is important for a dog's acquisition of an ability to solve a new socio-cognitive problem (Hare et al. 2002; Konno et al. 2016 ). Similar to our study, a previous study suggested that canine OXTR gene variants have an effect on proximity and friendliness towards humans in dogs (Kis et al. 2014) , although the SNP analyzed in that study was different from the SNP analyzed in the present study. Given these findings, it is likely that OXTR polymorphisms are associated with activation of oxytocin and that a proper dog-human relationship that can lead to successful training for drug detection may be modulated by a dog's social behavior including human-directed gazing. Although future studies should clarify what types of dogs' social behaviors during training on-site are involved in the performance of dogs, our findings extend the significant role of the oxytocin system in biological bonding between dogs and humans.
On the other hand, the molecular mechanism of the OXTR gene and its functional pathway that is relevant to cognition and behavior is still unclear. The OXTR polymorphism identified in the present study is unlikely to have a direct influence on the molecular and endocrine system related to oxytocin, because the rs8679682 SNP is a synonymous variant and the resulting codons do not change the amino acid or protein structure of the oxytocin receptor. One possible pathway could be that the rs8679682 SNP is genetically linked to another locus in the OXTR gene (or to a different locus somewhere else in the whole canine genome) and thereby indirectly affect oxytocin activity. In particular, it is important that the further study examines the potential link between the rs8679682 SNP and the 3' and 5' UTR regions of the OXTR gene that were previously associated with dog's human-directed behaviors (Kis et al. 2014) . Alternatively, the OXTR SNP might cause phenotypic variability by influencing splicing accuracy or transcription efficiency (Cartegni et al. 2002) . If this is the case, further investigation in terms of genome-wide mapping of the OXTR gene, as well as endocrine studies including the measurement and administration of oxytocin are critically needed. Since the complex activities of the canine oxytocin system remain unknown, it is not possible to draw a definitive conclusion regarding the function of the OXTR gene at the present time. Furthermore, the effect of the OXTR on dog training outcome should be replicated in other breeds as well as in different types of working dog populations.
We categorized a dog's personality assessment as evaluated by training staff into 2 broader factors of Training Focus (i.e., Factor 1) and Tolerance (i.e., Factor 2) and demonstrated that a dog's personality scores of higher Training Focus, but not of Tolerance, were positively correlated with an increased likelihood that a dog would successfully complete training. Taken together with the result that no significant association was found between the OXTR genotypes and personality scores, these data indicated that a dog's personality of focusing on training significantly increased the success of a dog's training independently of OXTR genotype. This result may suggest that dogs with a predisposition that makes them willing to work exhibit high trainability and are more likely to succeed in the training for scent detection than other dogs. However, the possibility cannot be ruled out that the training staff are highly committed to training the dogs who receive a positive feedback at personality assessment, and those dogs consequently become more likely to achieve a good performance according to the trainer's expectation (i.e., teacher expectancy effect, Pygmalion effect). This issue needs to be further considered.
In terms of Tolerance, it could be hypothesized that the OXTR genotypes might be associated with a dog's social tolerance to humans and conspecifics because oxytocin has been shown to have a significant role in affiliative relationships in mammalian species (Insel and Shapiro 1992; Nagasawa et al. 2009; Romero et al. 2014 ); however, this was not the case in the present study. Here, we found that the OXTR SNP was not particularly relevant to individual differences in tolerance of dogs. It is also possible that tolerance and affiliation of the trained dogs negatively affect dogs' efficiency in training for odor detection. Thus, the more dependent the relationship between a dog and a trainer, the less a dog solves a problem on its own (Topál et al. 1997; Gazit et al. 2005; Lit et al. 2011) . From the perspective of predictability, a dog's personality assessment based on an initial impression by the training staff is beneficial for the determination of a promising candidate and for the improvement of the efficiency of training for odor detection.
In summary, a dog's OXTR gene and personality trait, training focus, contribute independently to a dog's training success through a distinct pathway. This was further supported by the result that a dog's training focus was not significantly associated with the OXTR genotype and did not mediate the relationship between OXTR genotype and dog's successful training. Thus, a dog's training focus assessed in our study may be reflected directly in dog's willingness to sniff out a target object. On the other hand, a dog's OXTR gene may be involved in social reward value of dog-human interaction. The important role of oxytocin as a reward signal of social interaction has been demonstrated in a previous study in mice (Dölen et al. 2013) ; given that, oxytocin system modulated by OXTR variants may enhance the rewarding properties of social interaction between dogs and human handlers during a training session. Consequently, the establishment of a proper relationship between a dog and a human may increase the likelihood that a dog would successfully complete training.
The current study provided the first evidence of the association of a canine OXTR gene polymorphism with successful training of a drug detection dog. Our results further confirm a recent hypothesis that the oxytocin system serves as an important biological basis for co-evolution between dogs and humans (Romero et al. 2014; Nagasawa et al. 2015 Nagasawa et al. , 2009 ). In addition, we offer a new suggestion that genetic variation of the canine OXTR gene may regulate dogs' individual differences in responsiveness to training of detection dogs. From an applied perspective in the production of working dogs, a dog's proper working role that suits its personality should be determined based on scientific knowledge about genetic and behavioral characteristics of dogs. Further research will help to develop not only an efficient dog training program but also selection criteria for candidate dogs, which will also contribute to the improvement of the welfare and quality of life of the working dog population. 
